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(571 ABSTRACT

This invention relates to an electrical latching circuit,
relatively impervious to noise pulses, for being used
with a power source for supplying current through a
circuit line to an electrical load and auxiliary circuits
coupled thereto. The latching circuit includes a ther-
mally activated variable resistance element interposed
along the circuit line, a control device interposed along
the circuit capable of allowing the current flow there-
through responsive to the resistance of the variable
resistance element, exceeding a preselected value, and
a circuit for varying the resistance of the variable resis-
tance element whereby the current supplied to the
electrical load through the current line is capable of
latching on only by increasing the resistance of the
variable resistance element.

16 Claims, 4 Drawing Figures
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- ELECTRICAL LATCHING CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention |

This invention relates to a fluid flow meter for indi-
cating the rate of flow through a fluid transport line and

- particular the rate of flow of a liquid fuel being con-

sumed by an internal combustion engine.
2. Description of the Prior Art

One common method of measuring the fuel con-

sumption of an internal combustion engine is to cause

the fuel to flow through a vertically oriented tapered
tube having a movable member therein. As the fuel
flow rate increases the differential pressure forces the
movable member into a higher position within the tube
where a correspondingly larger space is available for
fuel to flow around the movable member. While this
method is quite satisfactory for research and develop-
ment projects on internal combustion engines, it is

rather impractical for consumer operated motor vehi-

cles. Various electronic methods of sensing the position
~ of the movable member of this type have been pro-
posed but are generally either too expensive, too inac-

curate, or both. |
~ Another well known method of measuring fuel flow
rate is to pass the fuel over the blades of a turbine or
through a vane-type metering device similar to a vane
pump. In actual construction, these devices have a
- relatively limited range of flow rates for which useful
accuracy can be expected. Inaccuracies generally arise
due to the wide pressure variations present under ordi-
nary operating conditions or the bearing friction inher-
ent in most turbine designs. Furthermore, the analog
read-out devices most easily adapted and normally
used with fuel flow metering devices of this type are
~either iherently expensive, relatively inaccurate or

~ both. These devices are typically difficult to use due to
the short term fuel flow variations inherent in the stop-
and-go urban traffic patterns. It is difficult if not com-
pletely impossible to translate these short term varia-
tions into a long term fuel flow average value.

Another method commonly used for test track evalu-
ation of fuel flow is to install a three way valve between
the fuel pump inlet and the gas tank with a third port
connected to a graduated cylinder of known volume,
such as one-tenth of a gallon. The driver manually
operates these valves and visually observes the rate of
fuel consumption from the graduated container. The
valve must then be returned to the fuel tank position
~ and the graduated cylinder refilled or the engine will
stop running due to a lack of fuel. The convenience of
this fuel flow measuring device leaves much to be de-
sired since the graduated container must be filled by
manual techniques. Even though this type of fuel flow
measuring device is extremely accurate over a very
wide range of flow rates, it is obviously impractical and
in some cases unsafe for use on a vehicle operating
under normal highway conditions.

It 1s therefore the object of this invention to produce
a simple and inexpensive device, capable of accurately
- indicating the fuel consumption of an engine over a
very wide range of engine sizes and operating condi-
tions without the requirement of extensive fuel system
modifications. It is a further object of this invention

that no manual operations be required of the operator

at any time subsequent to the initiation of the metering
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interval, which, if neglected, could cause the engine to
stop running for a lack of fuel.

It 1s a further object of this invention to eliminate
analog read-out devices since they are relatively expen-
sive, inaccurate and difficult to interpret under normal
operating conditions. Another object of this invention
is that the fuel flow measurement apparatus must oper-
ate with a pressure drop which is small enough under
all conditions so as to be negligible when compared to
the pressure available from normal automotive fuel
pumps. |

SUMMARY OF THE INVENTION

This invention relates to an electrical latching circuit,
relatively impervious to noise pulses, for being used
with a source of electrical power for supplying a cur-
rent flow through a circuit line to an electrical load.
The circuit includes a variable resistance element inter-
posed along the circuit line, with the variable resistance
element having a resistance that increases as the tem-
perature increases, with the temperature increase nor-
mally induced by the resistive heating caused by the
flow of current therethrough. The circuit further in-
cludes means for varying the resistance of the variable
resistance element, and control means interposed along
the current line for conducting current therethrough
responsive only to the resistance of the variable resis-
tance element exceeding a predetermined value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a frontal cross section view of a first
preferred embodiment of the fluid flow measurement
apparatus.

FIG. 2 shows an alternate electrical schemmatic dia-
gram for the fluid flow indicating apparatus.

FIG. 3 shows a second preferred embodiment of the
fluid flow measurement apparatus.

FIG. 4 shows a schemmatic diagram for an improved
electrical latching circuit of the type which could be
utilized in a fluid flow measurement apparatus.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

I. Fuel Flow Measurement Apparatus

An apparatus for indicating the interval for the flow
of a predetermined volume of a fluid through a fluid
flow line is referred to generally as 10 in FIG. 1. A fluid
or fuel flow line B which transports fuel from the fuel

pump (not shown) couples with an electrically oper-

ated, normally open solenoid valve V. The valve V (or
interrupting means or averting means) is coupled to the
planar end of a generally cylindrical first housing H1 at
a first fuel inlet FI. The first housing H1 is congruently
coupled at an abutting circumferential surface with a
second generally cylindrical housing H2. The housings
H1 and H2 define therein a generally cylindrical inter-
nal cavity having a generally cylindrical piston P (or
movable member) congruently coupled for longitudi-

nal movement therein. The piston P has a generally

planar base PB with perpendicularly upstanding sides
PS circumferentially therearound. The sides PS of the
piston P slidingly communicate along a seal SE which is
coupled 1n a recessed circumferential slot between the
coupling of the first and second housings H1 and H2
respectively. The piston base PB further divides the
internal cavity defined by the housings H1 and H2 into
a first cavity C1 on one side of the piston P and a sec-
ond cavity C2 on the other side of piston P. Cavity C1
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includes the predetermined volume of fuel and further
includes the volume defined by the piston base PB and
the upstanding piston sides PS. Another fuel flow line
or outlet line BC is coupled to the upper planar surface
of the first housing H1 and communicates from the first
cavity C1 to a carburetor (not shown). A fuel bypass
line BP is coupled to the fuel line B adjacent to the
solenoid valve V. The fuel bypass line also 1s coupled to
the second cavity C2 through a fuel port FP in the
lower planer surface of the second housing H2.

A shaft SH communicates through the planar surface
of the first housing H1 at an O-ring OR and into the
first cavity C1. The shaft SH is coupled to a normally
closed switch S2 (or reset means). The length of the
shaft SH i1s determined such that as piston P moves
upwardly through cavity C1, the shaft SH will commu-
nicate with the bottom surface PB of the piston P as the
sides PS of the piston approach the upper planar sur-
face of the housing HI. A compression spring SP lo-
cated within the first cavity C1 communicates with the
upper planar surface of the housing H1 and the base PB
of the piston P, thereby biasing the piston P to its fur-
therest longitudinal extension within the second cavity
C2. At this furthermost longitudinal extension, the
volume of the first cavity C1 is approximately one-
tenth of a U.S. gallon plus the volume contained within
the generally cylindrical piston sides PS. Stating this
another way, when piston P is fully extended into the
second cavity C2, the volume defined by the internal
cavity within the first housing H1 from the upper planar
surface thereof to the upper circumferential surface of
the piston sides PS is equal to one-tenth of a U.S. gal-
lon. Of course, other predetermined volumes may be
used, such as 0.1 liter, etc.

A circuit line W1 connects the anode of a' silicon
controlled rectifier SCR (or latching means) to a
source of direct current energy A, such as the battery
of an-automobile. Of course a relay could be substi-
tuted for the SCR. A normally open switch S1 (or acti-
vating means) is coupled between the supply of direct
current energy A and a control element (or gate) of the
silicon controlled rectifier SCR by a circuit element
W2. A cathode of the SCR is coupled to the first lead
of a light emitting element L (or indicating means),
‘such as a tungsten filament lamp or a light emitting
diode, by a wire W3. The second lead of the light L 1s
coupled by a wire W4 to the first terminal of the coil of
the solenoid operated valve V. The second terminal of
the coil of the solenoid operated valve V is coupled by
a wire W5 to one of the terminals of the normally
closed switch S2. The other terminal of the normally
closed switch S2 is coupled to ground by a wire W6.
The switch S1, the silicon controlled rectifier SCR and
the light L. are normally located on the dash in the
passenger compartment of the automobile, with only
wire W4 communicating through the firewall to the
valve V.. |

The operation of the fuel flow measurement appara-
tus 10 will now be described with continuing reference
to FIG. 1. The fuel pump (not shown) pumps the fluid
fuel, such as gasoline, through the fuel line B and into
the first cavity C1. The spring SP forces the piston P
into the second cavity C2 and longitudinally toward the
fuel port FP. This motion of the piston P forces any
residual fuel within the second cavity C2 to be expelled
through the fuel port FP for transfer through the bypass
line BP into the first cavity C1. The piston P is guided
" in its longitudinal movement through the generally
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cylindrical first and second cavities C1 and C2 by the
coupling between the sliding seal SE and the upstand-
ing piston sides PS. The slidable coupling prevents the
flow of fuel between the first and second cavities C1
and C2 while allowing the piston to move therebe-
tween. When the piston P reaches the limit of its longi-
tudinal motion the piston base PB will be adjacent to
the fuel port FP. This corresponds to a ready condition
of the fuel flow measurement apparatus.

Assume the following: cavity C1 contains at least the
predetermined volume of fuel, the silicon controlled
rectifier SCR is in the off or non-conductive condition,
and that valve V is de-energized (open). Therefore,
spring SP is forcing piston P into the full down position
resting against housing H2. The apparatus will remain
in this state with fuel flowing from the inlet B, through
the valve V and into the chamber H1 and then through
outlet BC and thus to the carburetor of the inernal
combustion engine. A momentary closure of the switch
S1 will cause a positive voltage to be placed on the gate
of the SCR, which will enable the flow of current from
the anode through the cathode of the SCR. This cur-
rent will cause the lamp L to be lighted and will actuate
the solenoid valve V to close or block the first fuel inlet
FI. The closure of the solenoid valve V will cause the
fuel to flow through the bypass line BP and into the
second cavity C2 through the fuel port FP. The pres-
sure provided by the fuel pump will be exerted upon
the base PB of the piston P. As the carburetor contin-
ues to consume the fuel, additional fuel will be avail-
able through the fuel line BC from the first cavity C1.
This displacement of fuel from the first cavity C1 1s
caused by the pressure on the base PB of the piston
which causes a longitudinal movement motion of the
piston P from the cavity C2 and into the cavity C1, thus
overcoming the biasing pressure of the spring SP. Since_
the area of the piston P may be typically 10 square
inches and the force of the spring SP is typically two
pounds, a restraining pressure of typically 0.2 pounds
per square inch is encountered by the fuel flowing to
the carburetor. This is negligible compared to the pres-
sure produced by typical engine fuel pumps. o

As the carburetor continues to consume the fuel the
piston P will continue its motion into the first cavity C1
with the second cavity C2 filling with fuel flowing
through the bypass line BP. As the sides PS of the pis-
ton P approach the upper planar surface of the first
housing H1 the shaft SH will approach the piston base
PB. When the piston base PB communicates with the
shaft SH the normally closed switch S2 will be opened
momentarily thus breaking the electrical circuit be-
tween the supply of direct current energy A and electri-
cal ground. This momentary current interruption will
turn off the SCR, cause the light L to be extinguished
and cause the valve V to return to the open condition.
Since S1 was only momentarily closed to actuate this
process, the SCR will be non-conductive until S1 is

~ again closed. As the solenoid operated valve V opens

60

65

the fuel will again flow through the first fuel inlet FI
from the fuel pump. The biasing force exerted upon the
piston base PB by the spring SP will cause the piston P
to move from the first cavity C1 and toward the second
cawty C2, thus expelling the fuel within the second
cavity C2 into the first cavity C1 through the bypass

~ line BP. It should be understood that switch S2 or other
limit sensing means might be located within the cavity
and the required wires routed through housing H1. The
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switch would then be required to operate in the fluid
medium. |
- Therefore, the period during which the light L is
lighted corresponds to the period required for a known
~and predetermined volume of fuel to be expelled from
the first cavity C1 into the carburetor through the fuel
line BC. If this known volume of fuel is one-tenth of a
gallon, it will be possible to measure the fuel economy
of the internal combustion engine by utilizing the fol-
lowing method. As the odometer of the automobile
approaches a convenient figure (such as 0.0) the first
switch S1 is depressed thereby closing the solenoid
valve V and lighting the light L. After the internal com-
-~ bustion engine consumes the one-tenth gallon of fuel
- from the first cavity C1, the piston base PB will com-
- municate with the shaft SH thereby opening the nor-
mally closed switch 82 and extinguishing the light L.
This will be the signal for the driver to again refer to the
odometer to obtain the distance traveled during that
period of time. For example, if the odometer reads 3.4
miles, then the automobile will have traveled 3.4 miles
- on 0.1 gallons of fuel, thus indicating a fuel consump-
tion of 34 miles per gallon. Using this method the driver
of the automobile may easily calculate the fuel econ-
~omy of the internal combustion engine during periods
of highway travel, suburban driving, or city driving by
merely observing the number of miles traveled on the
predetermined volume of fuel.
It should be noted at this point that after the prede-
‘termined volume of fuel within the first cavity C1 has
been consumed by the engine, additional fuel will im-
mediately flow through the first fuel inlet FI into the
cavity C1 and out of the fuel flow line BC to the carbu-
retor. Thus, there will be no gaseous spaces introduced
into the fuel line BC since the first cavity
completely emptied of its fuel content. Therefore,

C1 is not
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there is no reason for the internal combustion engine

propelling the car to miss, cough or sputter due to the
lack of fuel. R

 FIG. 2 pictorially represents a second electrical cir-
cuit which may be used to indicate the interval required
for the flow of the predetermined volume of fuel out of
- the first cavity C1 and into the carburetor through the

fuel flow line BC. A switch S1a is coupled to a light La
which in turn is coupled to a solenoid valve Va. The
- solenoid valve Va is in turn coupled to a normally
closed switch S2a and then to electrical ground. It will
be noted that the switch Sla is a single pole, single
-throw switch rather than the momentary switch used in
FIG. 1. The functions of light La, the solenoid operated
valve Va and switch S2a remain unchanged. The fuel
flow measurement apparatus is operated by closing the

switch S1a. At the end of the metering interval, $2q will
be actuated by the piston base PB contacting the shaft

SH and thus opening the normally closed switch S2a.

The opening of the switch $2a will interrupt the flow of

direct current through the lamp La thus opening the
solenoid valve Va. Piston P will then start to move
toward the second cavity C2 and the fuel port FP. This
movement will cause the piston base PB to lose contact
with the shaft SH, thereby again closing the normally

- closed switch S2a, lighting the light La and closing the

solenoid valve Va. This will in turn cause the fuel
within the firt cavity C1 to flow through the fuel flow
line BC and into the carburetor allowing the piston P to
move upward, and the piston base PB to again commu-
nicate with the shaft SH thereby opening the normally
closed switch S2a. Therefore, the piston P will move
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slowly back and forth near the top of the housing H1
causing the lamp La to flash on and off. The fuel flow
measuring apparatus may be manually reset by opening
the first switch Sla. It should be noted, however, that if
the operator does not promptly reset the fuel flow mea-
surement apparatus as previously described the engine

‘will nevertheless receive an adequate supply of fuel.

II. Improved Fluid Flow Measurement Apparatus

With specific reference to FIG. 3, an improved fluid
flow measurement apparatus is shown generally as 50.
The improved fluid flow measurement apparatus in-
cludes a generally cylindrical first housing H1’ having
at the upper end thereof a fuel flow outlet line BC’
which communicates with a carburetor (not shown) of
an internal combustion engine. The first housing H1'’
couples with a second housing H2' having a generally
circular base H2B' and circumferential sides H2S' pro-
truding upwardly therefrom. The sides H2S' taper up-
wardly and outwardly at an angle alpha from a perpen-
dicular to the base H2B. The first housing H1’ has a
circumferential recess CR therearound adjacent to the
point of attachment with the circumferential sides H2S'
of the second housing H2'. This circumferential recess
CR is defined by a first side CR1, an outwardly tapering
generally circular surface flowing from the cylindrical
portion of the first housing H1' at an angle two alpha.

A generally flexible diaphragm SE’ is captured be-
tween the coupling of the first housing H1’ and the
second housing H2' by a plurality of fasteners FS com-
municating therebetween. The flexible diaphragm SE’
defines a first chamber (or cavity) C1’ within the first
housing H1' and also defines a second cavity or cham-
ber C2' within the second housing H2'. The flexible
diaphragm SE’ is attached to a circular base section
PB’ of a truncated conical piston P’. Tapered piston
sides PS’ are circumferentially attached to the piston
base PB’. The piston sides PS’ are tapered upwardly
and outwardly from a perpendicular to the piston base
PB’ at an angle alpha and define therein a piston cavity
PC’.

At this point it should be noted that the piston sides
PS’ are tapered so as to congruently couple with the
tapered sides H2S' of the second housing H2'. It should
also be noted that the angle alpha included between the
tapered piston sides PS’ and the perpendicular to the
piston base PB’ is approximately one-half the angle two
alpha included between the first side CR1 of the cir-
cumferential recess CR and an extension circumferen-
tial surface of the housing H1'. Thus as the piston P’
moves upward through the cavity C1’ the radius of the
convulution in the diaphragm SE’ remains nearly con-
stant as the convolution travels within the circumferen-
tial recess CR. The tapered piston sides PS’ of the
piston P’ will be guided by the oppositely tapered sides
of the circumferential recess CR of the first housing
H1’ as the piston P’ moves longitudinally upward
through the first chamber C1. This guiding function
will prevent the jamming of the piston P’ as it moves
upward and twists or rotates within the first and second
chambers C1' and C2'.

The flexible diaphragm SE’ has a length sufficient to
allow the base PB’ of the piston P’ to congruently com-
municate with the base H2B’ of the second housing
H2'. As the piston P’ moves longitudinally upward
from the second chamber C2' into the first chamber
C1’ the flexible diaphragm SE’ will include a convolu-
tion or rolling section CO which will be located within
the tapered sides forming the circumferential recess



4,024,520

7

CR of the first housing H1'. The flexible diaphragm SE’
will communicate with the tapered sides PS’ of the
piston P’ as it moves longltudmally quard through the
first chamber C1°.

The base PB’ of the piston P’ contains a plattorm PF
coaxially located thereon. The platform PF is elevated
for communicating with a generally cylindrical shaft
SH' which communicates within a cylindrical guide G
attached to the upper planar surface of the housing
H1'. The shaft SH’ communicates through an O-ring
OR’ in the guide G and is then attached to the normally
closed switch S2' for the activation thereof. The length
of the shaft SH’ as it communicates with the platform
PF of the piston P’ is such that the normally closed
switch S2' will be opened when the piston sides PS’
come in close communication with the upper planar
surface of the first housing H1'. Note that when the
base PB’ of the piston P’ is in communication with the
base H2B' of the second housing H2', the first chamber
C1’ will contain a volume equal to the predetermined
volume of the fluid, or fuel, such as one-tenth of a
gallon, plus the volume of the fluid contained within
the piston cavity PC’.

When piston P’ is in its lowermost position in housing '

H2' the clearance between the piston sides PS’ and the
side H2S' of cavity H2' is only slightly greater than the
thickness of diaphragm SE’. Therefore any swelling of
diaphragm SE’ (as is common with flexible materials
when they are exposed to gasoline) cannot cause a
volume change in the area between the piston sides PS’
and the side H2S' of the cavity H2'. However, the
height or extension of the convolution CO and its in-
cluded volume will change in some small amount. This
change will not result in a metering error because when
the piston P’ is in the extreme up position the convolu-
tion radius is the same, as previously discussed. There-
fore a similarly increased volume is induced at all pis-
ton locations by the expansion of diaphragm SE’. Thus,
the sides H2S' and the diaphragm SE’ are suﬁimently
tapered that diaphragm SE’ expansion canot mechani-
cally jam those components as can result in a conven-
tional straight cylindrical rolling diaphragm chamber
with a narrow convolution CO radius. A wide convolu-
tion CO clearance inside a straight chamber results in
greater errors in measured volume due to diaphragm
expansion.

The generally cylindrical shaft SH' includes a disc
shaped collar SC intermediate its ends. The diameter of
the shaft collar SC is approximately equal to the inner
diameter of the cavity within the guide G through
which the shaft collar SC slidably moves. The O-ring
OR' has an outside diameter slightly greater than the
inside diameter of the cavity within the guide G, and an
inside diameter slightly less than the outside diameter
of the shaft SH’. With this arrangement the O-ring OR’
will seal out the fuel from guide G as the shaft SH'
moves therethrough. A second spring SP2 is coiled
around the shaft SH' between the housing H1' and the
shaft collar SC for compressing the O-ring OR’ be-
tween the shaft collar SC and the end of the guide G'.
This compression causes the inside diameter of the
O-ring OR’ to decrease and the outside diameter of the
O-ring to increase, thereby improving the seal between
the shaft SH’ and the guide at all times except when the
shaft SH' is displaced upwards.

A fuel line B’ is coupled to the fuel pump (not
shown) for transporting the liquid fuel or fluid through
another fuel flow line B1 which communicates into the
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first chamber C1’. A solenoid operated valve V' regu-
lates the flow of the fuel through fuel flow line B1 and
into a first fuel inlet F1' located in the planar surface of
the first housing H1' adjacent to the switch S2° and the
shaft SH' attached thereto. A bypass line BP’ forms a
second extension of the fuel flow line B" and allows the
fuel therein to flow into the second chamber C2'
through a fuel port FP’. A compression spring SP’
communicates between the upper planar surface of the
first housing H1' and the base PB’ for biasing the piston
P’ into close communication with the base H2B' of the
second housing H2'.

The operation of the improved flutd flow measure-
ment apparatus 50 will now be described with refer-
ence to FIG. 3, it being understood that an activation
circuit comprising a momentary switch S1, an SCR and
a light L, as shown in FIG. 1, is provided for the activa-
tion thereof. First, assuming that the base PB’ of the
piston P’ is in close communication with the base H2B’
of the second chamber C2’, the switch S1 1s momen-
tarily activated thereby allowing the SCR to conduct a
direct current which will energize the light L and close
the solenoid operated valve V'. The fuel being supplied
from the fuel pump through the fuel flow lines B’ and
BP’ will then flow through the fuel port FP’ and into
the second chamber C2' causing the piston P’ to move
longitudinally upwards through the cavity C1'. The
tapered sides CR1 defining the circumferential recess
CR of the first housing H1' will guide the tapered sides
PS’ as the piston P’ moves longitudinally upwards
through the first cavity C1’ thus expelling the predeter-
mined volume of fuel contained therein through the
fuel flow line BC' to the carburetor. As the platform PF
of the piston P’ communicates with the shaft SH' the
normally closed switch S2’ will be opened, thereby
breaking the flow of the direct current through the SCR
and extinguishing the light L.

The operation of the normally closed switch S2' indi-
cates that the predetermined volume of fuel has been
expelled to the carburetor through the fuel flow line
BC’ from the first chamber C1’. The interval required
for the consumption of this predetermined volume of
fuel by the engine will be indicated by the energized
light L. The fuel consumption of the internal combus-
tion engine may then be measured by multiplying the
distance traveled in the pertod during which the hight L
was energized by the reciprocal of the predetermined
volume of the fuel consumed by the engine during that
same period.

When the flow of direct current through the light
circuit L is broken by the opening of the normally
closed switch S2’, the solenoid operated valve V' will
be simultaneously opened, thus permitting the flow of
the fuel through the fuel flow line B1 and into the first
chamber C1'. The pressure exerted by the compression
spring SP’ will cause the movement of the piston P’
toward the base H2B' of the second housing H2' thus
causing the eviction of the fluid within the second cav-
ity C2' through the fuel port FP, through the fuel flow
line B1 and into the first chamber C1’. It should be
noted at this point that a continuous fuel flow 1s pro-
vided to the carburetor both during and after the pe-
riod of measurement described herein, thus preventing
gaseous pockets from being introduced into the fuel
flow line BC’ which could cause a coughing or a sput-
tering of the internal combustion engine.

The switch S2' is operated by shaft SH’ which 1s
sealed into the first housing H1' by the O-ring OR’. The
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-spring SP2 returns the shaft SH’ after the activation of
switch S2'. This design is particularly suitable consider-
ing the expansion inherent in O-rings exposed to gaso-
line, because the O-ring seals not only on the inside and
- outside diameters, but also on the top and the bottom
- due to the loading of the spring SP2.
- IIL Electrical Latching Circuit --
~An electrical latching circuit relatively impervious to
noise pulses will now be described with reference to
FIG. 4. This electrical circuit is a substitute for a silicon
- controlled rectifier (SCR) of the type described in part
I of this specification, and has the advantage that care-
ful selection of the silicon controlled rectifiers for high
dv/dt capacity and bypassing for noise immunity are not
required due to the unique circuit element interations.
The electrical direct current energy from a battery
A'constant is controlled by the circuit, generally
shown as 100 in FIG. 4, for energizing the electrical
load, in this case a solenoid operated valve V'’, which
Is connected in series with a normally closed switch
52"". The electrical latching circuit 100 comprises a
variable resistance element L connected in series with
‘the source of direct current energy A’’. This variable
resistance element L has a low resistance at room tem-
peratures, and a resistance approximately ten times the
lower value of resistance when the element has been
conducting a minimum current for a period of time
longer than its thermal time constant T. The thermal
time contant of the variable resistance element L varies
- In the range from 0.05 to 1.0 seconds. In the first pre-
ferred embodiment of this electrical circuit a tungsten
filament lightbulb has been chosen as the variable resis-
tance element, but other similarly reacting electrical
elements may also be used. The minimum current for

- this tungsten filament lightbulb is approximately the

current required for the filament to become incandes-
cent. - - :

The emitter of a first PNP driver transistor Q1 is
connected to the source of direct current energy A'’
- through an emitter resistor R1. The emitter resistor R1
i1s envisioned to be of a low value, approximately 100
~ohms. The value of the resistor R1 is noncritical in a
- reasonable range centered upon the preferred value
since the resistor is used only to limit the emitter to
collector current of the driver transistor Q1. The base
of the driver transistor Q1 is coupled to the second lead
- of the variable resistance element L. The collector of
an NPN switching transistor Q2 is coupled to the sec-
ond lead of the variable resistance element L. The base
(or control element) of the switching transistor Q2 is
coupled to the collector element of the first driver
transistor Q1. The emitter of the switching transistor
Q2 is coupled in series with the electrical load V''. A
first bypass capacitor Cl1 is coupled in parallel with the
variable resistance element L and the switching transis-
tor Q2. The capacitor C1 will reduce transistor dissipa-
tion and possible damage if a high frequency AC signal
1s induced on the associated wiring by proximity cou-
pling to an ignition system or a radio frequency trans-
mitter. A first switch of the normally open and momen-
tarily closing type S1'' is coupled between the emitter
and collector of the driver transistor Q1. One terminal
of the second switch S2'’ is coupled in series with the
electrical load V'’ with the opposite terminal thereof
connected to the opposite pole of the source of DC
electrical energy A''. o

The following examples will illustrate the operation
of the electrical latching circuit 100. Assume the fol-
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lowing initial values: the resistance of the electrical
load V'’ is equal to 20 ohms, the resistance R1 is equal
to 100 ohms, a supply voltage A"’ is equal to 14 volts,
a base to emitter saturation voltage of 0.7 volts for
transistors Q1 and Q2, and a collector to emitter satu-
ration voltage of 0.3 volts for Q1 and Q2. Assume
further that the lamp L is a PR13 which is a commer-
cially available tungsten filament lamp having a resis-
tance of approximately 9 ohms when conducting 0.4 to
0.5 amps of current therethrough, and a resistance of
approximately 1 ohm when not conducting and at room
temperature. All of these initial values are approxi-
mately typical for silicon transistors and other elements
likely to be used in this circuit.

Consider the first state in which the transistor Q2 is
conducting a current which passes through the load
V*'. The supply voltage of 14 volts minus the 0.3 volts
of the collector to emitter saturation voltage for the
transistor Q2 leaves an equivalent voltage source of
13.7 volts across the remaining elements of the circuit.
These remaining elements include the lamp L and the
load V''. The resistance of these remaining elements is
20 ohms for V'’ and 9 ohms for L, the total of which is
29 ohms. Utilizing Ohm’s law we find that 0.47 amps
will flow through the load V'’. At this current the volt-
age across the lamp L will be 4.25 volts (0.47 amps
times 9 ohms). The voltage across the resistor R1 is
therefore equal to 4.25 volts minus 0.7 volts for the
base to emitter saturation voltage of the transistor Ql,
the total of which is 3.55 volts. Using Ohms’s law, the
current through the resistor R1 is equal to 35 miliam-
peres. The current gain of the transistor Q1 is not criti-
cal due to the low impedance of the base driver circuit.
Therefore, the minimum gain of transistor Q2 for the
circuit to remain latched is derived by dividing the
collector current of transistor Q2 by the base current of
transistor Q2. This calculation yields 13.5 for a mini-
mum gain of the transistor Q2 (0.47 amperes divided
by 0.035 amperes). Therefore, a minimum gain specifi-
cation of 20 for the transistor Q2 would be quite satis-
factory.

-Consider next the off or non-conducting state for the
transistor Q2. Assume also that a noise pulse of suffi-
cient amplitude to drive both transistors Q1 and Q2
into saturation has occurred, but that the duration of
the noise pulse is less than T and thus is not sufficient
to cause substantial heating or an increase in the resis-
tance of lamp L. Therefore, the current through the
circuit would be calculated by taking the equivalent

voltage of 13.7 volts and dividing it by the equivalent

resistance of 21 ohms (the 20 ohms resistance of the
load V"’ plus the 1 ohm resistance of the lamp L) which
equals 0.65 amperes. This current causes a voltage
across the lamp L to be approximately 0.65 volts which
is less than the base to emitter saturation voltage of the
transistor Q1. Therefore the transistors Q1 and Q2 will
remain saturated only for the duration of the noise
pulse and will not thereafter be conducting. Therefore,
the current through the load V'’ will last only for the
duration of the noise pulse. |

Consider next the results of changing the cold resis-
tance of the lamp L1 from one ohm to two ohms with
other values remaining the same. The current through
the circuit in a period of time during which the transis-
tors Q1 and Q2 are saturated would be calculated by
taking the equivalent voltage of 13.7 volts and dividing
it by the total circuit resistance of 22 ohms (the load
resistance V'’ of 20 ohms plus the cold resistance of 2
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ohms of the lamp L) which equals 0.62 amps. The
voltage across the lamp L. will then be 2 ohms times
0.62 amps or a total of 1.24 volts. The voltage across
the resistance R1 will be 1.24 volts minus the emitter to
base saturation voltage of 0.7 volts for a total of 0.54
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volts. Therefore, the current through the resistor R1

will be 0.54 volts divided by 100 ohms, which yields a
current of 5.4 miliamperes. Therefore, the required
current gain of the fransistor Q2 to produce an un-
wanted latching would be calculated by dividing the
collector current of 620 miliamperes by the base cur-
rent of 5.4 miliampers which yields a current gain of
115. The silicon transistors which are used for the
switching transistor Q2 generally have a current gain
much less than the required 115 and therfore would not
latch closed even if the cold resistance of the lamp L
were twice the nominal cold resistance of |1 ohm.
Therefore, this circuit has a very broad range of opera-
bility when the likely varnations in element perameters
are considered.

In summary, the valve V'’ is actuated by closing the
switch S1'’ for a period of time greater than the ther-
mal time constant T for the variable resistance lamp L.
This will cause the transistor Q2 to be fully saturated.
Therefore the voltage across the lamp L will forward
bias the transistor Q1 which will in turn forward bias
the transistor Q2 latching the circuit into a conductive
mode. The load V'’ is de-energized by opening the
switch S2'' for a period of time greater than the ther-
mal time constant T.

I claim:

1. An electrical latching circuit, relatively impervious
to noise pulses, for being used with a source of electri-
cal power for supplying a current flow through a circuit
line to an electrical load, said circuit comprising:

a variable resistance element interposed in series
with the electrical load along said circuit line, said
variable resistane element having a resistance that
increases as the temperature increases;

circuit means coupled to and for varying the resis-
tance of said variable resistance element; and

control means interposed in series with said variable
resistance element and the electrical load along
said circuit line for conducting current there-
through responsive only to said resistance of said
variable resistance element exceeding a predeter-
mined value.

2. An electrical latching circuit as described in claim

1 wherein said resistance of said variable resistance
element changes responsive to the current flow there-
through and according to a thermal time constant T.

3. An electrical latching circuit as described in claim
2 wherein said control means further comprises sensing
means for sensing a voltage across said variable resis-

tance element caused by the flow of current there-

through.

4. An electrical latching circuit as described in claim
1 wherein said variable resistance element comprises a
filament of an incandescent lightbulb.

S. An electrical latching circuit as described in claim
4 wherein said filament is tungsten.

6. An electrical latching circuit as descnbed in claim
1 including turn-off means for terminating the flow of
current through said control means.

7. An electrical latching circuit as described in claim
6 wherein said turn-off means comprises a normally
~ closed switch interposed along said circuit line.
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8. An electrical switching and indicating circuit, rela-

tively impervious to electrical noise pulses, for being

used with a power source for supplying current through
a circuit line to an electrical load, said switching circuit
comprising:
prlmary signal means interposed in series with the
electrical load and said circuit line for generating a
signal responsive to the flow of at least a minimum
current therethrough for a period of time greater
than T, said primary signal means comprising visual
indicating means for indicating the flow of at least
said minimum current therethrough for said permd
of time greater than T;

control means interposed in series with said primary
signal means along said circuit line for enabling the
flow of current therethrough responsive to said
signal; and

start means coupled to said control means for gener-

- ating said signal independent of said primary signal

means, whereby the flow of current through said
control means is enabled by said signal from said
start means and is maintained by said signal from
said primary signal means..

9. A switching circuit as described in claim 8 includ-
ing interrupting means for removing said signal from
said control means for termmatlng the flow of current
therethrough. |

10. A switching circuit as described in claim 9
wherein said primary signal means comprises an incan-
descent lightbulb characterized by a first state having a
low resistance when not conducting current and a sec-
ond state having a higher resistance after initially con-
ducting at least said minimum current therethrough for
said period of time greater than T.

11. A switching circuit as described in claim 10
wherein said signal is generated by said incandescent
lightbulb only during said second state.

12. A switching circuit as described in claim 9
wherein said signal is a voltage generated by the flow of
current through said incandescent lightbulb when in
said second state.

13. A switching circuit as recited in claim 10 wherein
said control means compnses

a switching transistor having current control ele-

" ments interposed along said current line for being

- controlled by a control element; and

a driver transistor for sensing said signal from said
~ incandescent lightbulb, said driver transistor cou-

pling said signal to said control element of said
switching transistor for enabling the flow of current
“through said current control elements.

14. An electrical latching circuit, relatively impervi-

ous to electrical noise pulses, for being used with a

power source for supplying current through a circuit

line to an electrical load, said latching circuit compris-
ing:

a variable resistance element coupled 1n series along
the circuit line for sensing the flow of current
therethrough, said variable resistance element
characterized by a first state having a low resis-
tance when not conducting a current therethrough
and a second state having a higher resistance after

- initially conducting at least a minimum current
therethrough for a period of time greater than T;

control circuit means interposed in series with said
variable resistance element and the electrical load
along the circuit line for regulatmg the flow of
current therethrough;
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feedback means coupled between a control port of

said control circuit means and said variable resis-
tance element for sensing when said variable resis-
tance element is in said second state and for actuat-

14

said variable resistance element comprises an incan-
descent filament for radiating a visual signal when
In said second state; and wherein

said control circuit means comprises a semiconduc-

: . . : 5 tor amplifying device having two controlled ports

Ing said control circuit means responsive thereto coupled in series along the circuit line for regulat-

for allowing the flow of current through said con- ing the flow of current therethrough responsive to
- trol circuit means along said circuit line, thereby an input at said control port from said feedback

latching the flow of current through the circuit line: means coupled thereto.

and . 10 16. The electrical latching circuit as described in

claim 15 further including a normally closed switch

i s interposed in series along the circuit line for being
trol means for initiating the flow of current there- opened to terminate the flow of current through said

through and along the circuit line. conrol circuit means for a period of time greater than

15. The electrical latching circuit as described in |5 T, thereby unlatching the electrical latching circuit.
claim 14 wherein: ¥ %k ok % X

start means coupled to said control port of said con-
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